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i^200O. - 347735 



fe'ba+b+c=l,a>0)M$:n-7=-'C>i^LfeMfS«t^lcM!Pf^XS::3f -v VT:^Xti^ 
L x+y+z=l ) M 5: X tf ^ =^ >> ^ $ it T JERiK f S i il $: #M i: f S 1 1 1 V 

S:-^t?M!W5!/XS:»AbTr;i'5 U ^^AIj^Gayln^jNCfc^^ bx+y+z=i: x>0.5)lK 

i:0&m^^z.iL%:mmt-r ^ i * ^ « 2 {cfH«® 1 1 ivmmtmmo^mm 

%:^timmif:^ S:#A LTAlNIK$rfiit|R1-S z: t S^MfT -Sit** 1 * fctt 2 

iciH«<^) 1 1 1 vmmt^m<Dm'M:^mo 

;i&AlaGa^In^N(feeLa+b+c=l, a>0.5)Jl & 3 -7^ > U W# 
[lt*3K7] MOCVD^lCJ:oTS«±{CAl^GayIn^N(feeLx+y+z=l)mS:Xt:^fA^ 
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#200 iO — 347735 



° C«±roittaiCiDf^3tlSg|54)-®^BfCAlaGa,jIn^,N(fefe*ba+b+c=l, a>0)]^S: 

+z=i)l» & X tf if dp s/ ^ $ -lirs i: t s 1 1 1 vm^lti^mcom^m 

' mM8} t(flB««?:3^fip't-S-9-fe:7'i5f®«B&> Al,Ga,,In^N(it;i£: ba+b+c=l 

[0 0 0 1 1 

;i/ (Metal Organic Chemical Vapor Deposit ion :MOCVD) ffifC <fc o T 1 1 1 Vi^Sft 
i^m, #(C Al^GaylnjjN (fe fc' bx+y+z=l) S: X tf dp ^ S iirS :&^^3 i 

[0 0 0 2] 

±(CIIIVj^g^bifelK, #}CAl^GayIn2N(fe^bx+y+z=l)M&Xtf^dr2^^r;i/^« 
S^^^^:i:*^ii*StlTV^^. 3<Z)Al„GayIn^N(fe7SLx+y+2=l)M®Xtf^^i/ 
•v;i/^*:?'n-fe>;i: L/Ti±, Se*J: "JMOCVDCMetal Organic Chemical Vapor Dep 
osition)jS-^MOVPE(Metalorganic Vapor Phase Epitaxy)^:^'!^ P> tlT t) , S 
jaT'«iS'ft;^^ffixtr^^i/-v;i' (Hydride Vapor Phase Epitaxy: HVPE) 

[0 0 0 3] HVPE&T'GaNIKS:^M-t-5«-^lCtt. ^jglCGaN^IK&J^figt fei?-^ 
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#2 0 0 O.— 3 4 7 7 3 5 

^iy^)v^^^-&?>m(Dmmm^ji^mmm\mmm.fimx:s>?>*K HvpE^r-GaN 

Lx+y+z=l)m*^9^n^z<\,^t.Pnzm^p3X(Dmm(r>mm■^'^i:mm±^ <f£^ t. 

[0 0 0 5] M0CVDST?Alj^GayIn2N(fefc'Lx+y+z=l)K?:fiS;Kt--S«-&lCtt 

'Si^izuWV. :r.(DRmmz. h u ^5^;i/t;i/$ -"^A^f/x, h u 3i^;u5!/u -J/ 
A Tif * fc h u 5^;i/-f > y ^7 i:, 5!f ^ fc tt c: n ^ ®*«i^«:*f >^ ® 2 ae; Ji 

b , mm±m nry^e-rt. <D&m iz^^x ki^GBLyin^mtcfc. o x+y+z=i) xmt> 

A - > "^7 ASftl^ S:«^g_h(C*ia S -Br^ i e) tC U T -5 o 
[0 0 0 6] 

mmf)mm'r'^^mm,'\ ±.m.\^f=.^^\zn(x>'^m\z^^xk\^Q2.^\^jA{t=.t=.hx^- 
y*z=im^M-t^vt^o^i5'mz^^-^x. Kmrn^xmrn^m^y^oi^mK^^tf^ 
Mz.s>t, ^m^mt>mrh\ ^mmmii^^mzi&<tj^^xh^^<Dx\ ^s^s^t 

|g$^^TV^S» — MOCVD^tC j:oTAl^GayIn2N(fe^bx+y+z=l)lK&fiS;l^'t-5 

^iz. s.mm{HM(DMmzfji^m^^r>=^-T^^izj^^m-M*-^bum-t^r- 

LTtt, Sic, p-BN, TaCx, NbNx*: if *<Mvn P,4^TV^S. 
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^T;1/^ >y^^Al^GayIn2N(;^;fe'Lx+y+z=l, x>0.5)K5:fig{l-r-2.»-^fC'eg« S 

ri:lC;&:So Z(DJ:ti,zm^±l,ZA-^-{ ^JV^mm^ti^il. m^±lz^^m 
'<SAl^GayInj,N(fcfc*bx+y+z=l)M, ^tCAlNm^T;!/ 5 U ^^^Alj^GHyln^N 
bx+y+z=l. x>0)|g<Z)i^ffi3&f^F b < mithX b * e) ^ i: S:5S*^i»fc, 

[0 0 0 9] ±MbfcIIIV^^S-^b^a«)i^5^iS«^csv^T, S^s:«rt®loo 
T*&s*^ ;l®Sdi}•^i»«^cg|SbTv^.6<^)T^ 3.(3Dg|5^{c*sa3ti!t7t-T--f 

f Mt^m^m^mMlZ^WL, ii«Jl{C^K3*l-5Al^GayIn2N(fcebx+y+z=l 

[0 0 10] HIlAtt, «e*(3D§gJt^«^CfeV^T, ^S^i^-lz t?'^ S:ffl^^T 3 >f 
>5=-<3!)'?X7 T J: UfigSSSifCAlNKSr^jRbfe^g^om^tt&a^t-feWT'fe 

'J, ^^5:#W•r5^bfe'^7X7rra«iag|5:9•CDAlN|g«>#tt;b^*Mt:bTV^Sr i: 

[0 0 11] $e>(c. ^Jg=i>!. h&Tlf-SfeJfefc, bTii:@(^:^^i:C'x 
:i}-*«-JS:*:^ ^ *) CD J& S o 
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[0 0 12] 2p:i8^®ge?ji±, ±mLt:^m^<Dmm^,^m^v. Mocvosicio 

T#tt*':S»'& A l^GayInj,N (fe e Lx+y+z=l) K 5: 31 tr dp S/ ^ $ 5 i i: 
[0 0 13] 

:ffy(.i:-^tii^n:fs^tw:mmm-r^pim<D. ««iooo° cjw±(Digtajciii^ 

$tl-g>SP^J'®«B{CAlaGa^Inj,N(fefe'ba+b+c=l,a>0)MS:n-5^-r >ybfcSf5 

IC ii« 3 13: T A 1 ^Gay I n^N ( fc e b x+y+z= 1 ) K S: x ^ :^ >> ^ $ -& T ^ 

IK t- -2> r i: 5: i: -t -2> ® T' -5 „ 
[0 0 14] 2|!:^ra^Cfe^^■r^*, ±i4bfeAlaGa^In^N(fefc'ba+b+c=l,a>0)J^(Z) 

^C*^*^iJ%i^^T-^*tlS#-^fe^*tl-5o Al3Ga^In^,N(fefc'La+b+c=l,a> 

[0 0 1 5] r(Z)ie)^*58re(cj:SiiiV]^SfbifeK®|^)t:^!S&*M-r^« 

iZ \t . fjf lea^g S:XfiFf-Si*-fey^f®«ffi{CAlaGa^Inj.N(fcfc*U a+b+c= 1 , a>0) 
MSm-^'T >^^LfcSf5«S:deffl-r-2>®*WiiT'«>S= MOCVD^IC J: o Till V 

r 

i^aftifeim®S^3g-r-g>«-^(ct±, 1 0 0 0° cc7)^ss^c^(Dl^stl 

■S®T% a=KS:S^t--S-b-fe>^;5f®^ffilil 0 0 0° CJe^±®S?a^CitIl^S4^■2. 
©T?, r.(Z)-b-fe-7'^f©^anfCAl3Ga^InpN(fc;eL/a+b+c=l,a>0)|^S: =l--5^-f 
t^Z.tti^X'^^o Zl® J:^*Al3Gaj,In^N(fe«La+b+c=l,a>0)l^$:n-7^-f > 
i^'-r-Sil, ^OK®^®lCl±, Al^GayIn2N(fefe'Ux+y+z=l)K35)':figftStl, ±M 
LfcA-5^-r i';H±|g^L;&<*y. *(Dij!gmi:bT^IKStlfeAl^GayIn^N(fc 
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[0 0 16] $e>{c, :^^mK^?>uivm^'(tm<Dmm:^m<Dts^mf£mmm 

^Xt.%:^timm:ffy^i:mXl>XrJl'S. U ^y^^Al^GayIn2N(tfc'Lx+y+z=l, x> 

.[0017] *I§B^(C j:5IIIV^^^ft:#l]Kffl$^it^?S^C^3^^T, Al^Gayl 

n2N(fc;eLx+y+z=l)KS:J5KftS*'5«Stt, AlgOg , SiC, NdGaOg, LiGaOg.^a 
jffl^OTAlGalnN, ZnO, MgOt feliMgAlgO^CQ^MffiSSi: f S *^ ±Sa««*#:<3D 

«® fCZnOfe S V ^ «:g-affi^<D A IGalnNlK 5: X tf ^ ^ ^ $ -Br feaS i: -r 

[0 0 18] SPjfC, M0CVDfe(Cj:oT»«±fCAl^GayIn2N(feeL/X+ 

y+z=l)M$:xe^^:3^^>^;^^;R§^t€.ig«^cfev^T, SjcS^i:, dOSfB^cDF^ 

CD, mtl 0 0 0°, C£^_h<Oi^StCiD^3tlS954J-CD«ffi{CAlj,Gaj,In^N(:t:eLa 

+b+c=i,a>o)|^$:n— T^-r mm^mi^7.try'^-7:ff:^t.<DS.]&iz^ 
ay I n^N ( fe fe' b x+y+z=l ) K & X If ^ -^r ^ -B: -5 i e> fC L i: 5: # 

[0 0 19] *l§w^cJ:sIIIv;^^'fb#lJKcDSg5t^iB(D^f^i*^l^gM^cfcv^T 

tt, BffSaa«S:5#f -5-y-fe:/^®«ffiiC, AlaGa^Inj,N(fefe'ba+b+c=l,a>0)K 

&n-^w>^^i-s. sfc, ^1® J;e)^6IIIv^^^'ft:fe]KcDSS^a^e^c33v^T^± 

> tfriB-!?-fe>''^f0^ffi(CAlNM*fettT;i/5 «y^)S:Alj^Ga^InpN(fcfc*La+b+c=l, 

a>0 . 5) JK 5: n - 5^ > -r -S ® ^'^^a T' fe S „ 
[0 0 2 0] 

[|gW®ll»E®?g]ffi] 02t±, i>-7r-f Ta«a>Ji}CAlNigS:figJ^i-S2^|8ia{C 
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mm^jtmmmx'&?>, *M^c^^^T^±, urns sis^ i i^tfiftrsp tea 

[0 0 2 1] 1 1 a>*!^tCti, HtS'tP«gicM!^;</^S:dr-vUT**^S:#A 

1 1 6 i:, *^33J:tK^J^$:-^tf^^ U T:*'x ?:#A-r-S^ 3 ®#A« 1 7 t S: 
ISW-So |gl i3J:t)f^2®^A«l SfeitJfl 6(Cj;-3T#ASti^:hU^^;i/ 

[0 0 2 2] ■^^7r-fTa®l 2t±, in^^^si 4(cj:oT»{Si o o o° c® 

a«ic*ni^sti.5®T% -y-fe^^^ i sw^BoJisstissi 000° cjs^jkt)* 

^fS-iJ-fe-T'^f 1 3<Z)^ffiJ3<fct?{MtBlCAlN]K2 1 S:»{f 1 ^ mCDKff T-Jg^-t 
i(J!)J:e>^AlN!^2 1 $:?^^LTfe< i:, -g^cDSBtcttAlN^'n-T^-f 

^r-fTSSl 2CDMiaSPtT'^»^#tt$:*1-^AlNM;{)^^msri, ^^Xfe't:^ 
igjg 3 >(. h S: T If -S r T' ^ ^ o 
[0 0 2 3] 2ft«Wtt±j*bfclii6M{c®«iP5feS4x-5=fo©t?tt«:<, ^#CD^ 
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#2 0 O.a-3 4 7 7 3 5 
U <y5=-^Al3Ga^In^N(fefe'L/a+b+c=l, a>0.5)K& 3 -t" > ^ L it U > Alj^Ga^In 

cN(fe^ba+b+c=i)iKS:n-5^>r >y-rsz.i:=fe)T'#S, ■l^7r-f 

T (AI2O3) ICKjgStVS Sic, #aiffifia©AlGaInN,NdGa03, Li 
GaOg, ZnO, MgO^ feliMgAlgO^ro^M^aSil-r'S*^, ±fea®*#:OD^® tCZnO 
-5 »#aMfig® AlGaInN S: X tf ^ "V ;i/fi&;R S -Hritfi^g i: f -5 ^ i: 

[0 0 2 4] ■9-fey^5f®?^^^{c■^^^•r^*^#a)^x*^^lBT*fes. mx\t 

04 IC^-r J:e){C-!f-fe:/^ 1 3®«®{C^<U 13a SrJ^^b. :i®^<'yrttC 
a« 1 2 S:^SLT=fo^V\„ a^g-hT<>D;!?:x.®8g4xS:SLS ^ v J: e) 

[0 0 2 5] _hMLfej:e)(C, *l8WtCJ:SIIIV:^^'fbi^j^(D»!jfi*^i3J:Of 

SSii^ilicitiii, jRsS^W®{fi« 1 0 0 0° c<^)il?m{cinl?ft$*i-5SIJ4)-{cAi3G 

a^In^N(;t^£ba+b+c=l)M, ^lt{CAlNM^V^«T;l/ 5 U ^y^^JAlgGajjIn^NCfe^La 
+b+c=l, a>0.5)lK5:3-7^'i' >i^Lfe0-C% ZKDgPrS-tC^M^-fb^Ttj^^KS 

LTv »«±(Cfig]!g3nSAl^GayIn2N(^:;eLx+y+z=l)M, #^CAlN)K^^^^iT>^/ 

5 U ^y^^Al^GayIn2N(;tfe'Lx+y+z=l, x>0.5)]K<Z)#'[4*':a-7^^ ^';i/tCJ;oT 

> i^Ig y > ^ - T ^ J: S e> SiBlf ^ iJ-fe >^ 4f S:#i|-r •& f^M %) * b 
T 3 >f >^'J'X7TlS«_hlC^li;bfeAlN|^®#ffi&a^-r5p®0-e&So 
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»fHI2IT*fe-g>o 

[04] *l§^8^cJ:sIIIv^^g■^^:^feK<Da3Jt^«(Dffi(D*SiM®•t^■fe>^3f8lJ^^• 

11 EJ^m. 12 13 i^-te:/^, 14 Sni^^g 

15, 1 6, 1 7 itfT^rnxm. 1 8, 1 9 :*/>f Kif, 2 0 m^.^ h 

2 1 AlNm3-7^^' 



r 
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mm] 

2 -Si^-izy^J' 1 3 1 0 0 0° C®i^jaiCin^$tv-g)*^ 3®* 

V^j:e)^CL■r, ;';i/3b^S«±®AlN|g[tC#«:it{Cj:S#tt(D^I?'fb5:R& 
[^f^HI] H2 
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